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Abstract: This paper describes the manufacturing processes for a flexbeam and torque tube made of composite
materials, along with the procedures for testing their basic properties. A flexbeam and torque tube can be considered
to be key structural components of a bearingless rotor hub system. A hinge offset effect can be realized by a large
elastic deformation and twist of the flexbeam, and the blade pitch control forces are transferred by the rotation of the
torque tube. The basic property tests included bending and twist tests to determine the flap stiffness, lag stiffness, and
torsion stiffness of the flexbeam, torque tube, and blade, and these tests were performed prior to starting the whirl
tower test. In addition, the estimated results were compared with experimental data, and the calculations were found
to be a good match for the analysis results and had a similar tendency. Through these results, we could confirm that
a flexbeam and torque tube made of composite materials satisfied the structural stiffness requirements.
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Fig. 1 Bearingless rotor system
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Table 1 Prepreg properties - TVR380 (UD Glass)

Units [0]
Young's modulus MPa 23,600
Shear modulys MPa 3,280
Ultimate strength (tension)| MPa 452
Ultimate strength (bending)| MPa 629
Ply thickness mm 0.26

Fig. 2 Internal components of flexbeam
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i)

delamination/flaw check

(b) X-Ray test result
Fig. 4 Configuration check and X-Ray test result, flexbeam
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Table 2 Prepreg properties - HPW193 (Carbon Fabric)

Units [0/90]
Young's modulus MPa 62,900
Shear modulys MPa 3,760
Ultimate strength (tension)| MPa 984
Ultimate strength (bending)| MPa 927
Ply thickness mm 0.21

@)

Fig. 5 Configuration of curing mold, torque tube

= A Z3s}aL, Autoclaveo] A 120C2E==

A8t AES d5sH "ok 5% 29 ol%
X-Ray AAFE Sl EAFE W42 Carbon-fabric
AsAHe} AAdst 9@ 7d RS st
Rom, FAHA A5 Fal YFFLY ZE A
A5 9% & 7AYo AxE A5
o AR TS o] &-gt FdHA 87 X-Ray 7

A A2 Fig 60 LFERNSIT.

DR S ) A e A I ||
= o
ol
0 i

¥
u) o~
o oox
(o
o =
I
DY)
O_‘>_'4 O_>L
_@.
N N
_>~41
uo{l FJE
to o ™
o X
)4
g
ol
N

X ol (T oo Ao o 2 U

e
1%
[
ju
S
oy
o [odqm

°l VABSWE 3 A2k zte]

o
HBJ_';
oo
)
fin}

N0 2 B

(b) X-Ray test result
Fg. 6 Configuration check and X-Ray test result, torque tube
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(¢) Torsion-wise direction
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(d) Strain gages installation

Fig. 7 Section stiffness measurement, flexbeam
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Table 3 Flap stiffness of BO-105 blade

Section Stiffness (Nm?)
STA(MM) | Tyroet Measured | Measured
(reinforced) | (original) | (reinforced)
1,470 19,680 12,710 16,740
1,660 14,510 8,766 11,740
1,900 12,730 7,207 9,650
2,800 6,830 7,598 8,114

Fig. 12 Flap stiffness measurement of BO-105 blade
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Table 4 Lag stiffness of BO-105 blade 2 3 EYolu=s 2EYS AlojAlE  o]&atd]
EAAEE w@rtsidith 718 EYdAES SSl
Section Stiffness (Nm?) =A% 73 ke Ewo]ly ZE FHA]|~H )
29 1 1) ol EEN A0 Zasle
STA(mm) Target Measured Measured _'FfI:EO]] Rhg £l ° Oﬂ-f}?oﬂ_ﬁ = T3 ?}L
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AEE Fdste] AT E WESoE gRlsgl
1,470 303,000 104,420 427,200 o
1,660 282,900 96,061 303,600 '
1,900 336,800 107,020 289,800 s 7|
2,800 170,500 176,460 173,600
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